Flash column chromatography was performed on silica gel 60, 0.040-0.063 mm (SDS).
SYNTHESIS OF ENAMINES Protocol for phenylacetaldehyde enamines (1-7):
1 To a dried 25 mL round-bottom flask with a magnetic stir bar was added Na 2 CO 3 (1.1 g, 10 mmol) and amine (7 mL), and the mixture was cooled in an ice-water bath for 15 min. Phenylacetaldehyde (3.5 g) was added dropwise, and after stirring for 8 h at r.t., the mixture was filtered and the solvent and excess amine was evaporated under reduced pressure at elevated temperature below the boiling point of the amine. The products were further purified by cooling the liquid to -20 °C and collecting the solid formed. All enamines were stored protected from light at -20 °C.
Protocol for non-conjugated enamines (8,9): 2 Molecular sieves (4 Å, 750 mg) were added to a solution of aldehyde (~0.38 mmol) in CDCl 3 (6.4 mL) at 20 o C. The solution was cooled on dry ice, after which the secondary amine (~0.40 mmol) was added and the reaction mixture was stirred for 1 h. The conversion of the aldehyde to the enamine was followed by 1 H NMR. The enamine solutions were used freshly.
(E)-4-Styrylmorpholine (1). (m, 5H).
ENAMINE CONDENSATION

3
In a typical experiment, the aldehyde (0.08 mmol) was added to a solution of a secondary amine (0.16 mmol)
in dry deuterated solvent (0.8 mL). After shaking for 5 min, the 1 H NMR-spectrum was recorded, and another portion of aldehyde (0.08 mmol) was added. The condensation reaction was subsequently followed to estimate the time to reach equilibrium, after which the equilibrium constant was calculated (cf. Figure S1 ).
AMINE-ENAMINE EXCHANGE
In a typical experiment, the amine (0.0625 mmol) was added to a solution of an enamine (0.0625 mmol) dissolved in CDCl 3 (1 mL), and the resulting mixture was monitored by 1 H NMR. Where applicable, an internal standard (1,4-dimethoxybenzene, 0.0625 mmol) was added to estimate the amount starting materials in side reactions.
AMINE-ENAMINE EXCHANGE IN THE PRESENCE OF METAL IONS
In a typical experiment, the metal salts were dissolved in CD 3 CN, of which solution (62.5 μM) an aliquot (20 μL)
was added added to a solution of enamine (0.0625 mmol) in CDCl 3 (1 mL) to give 2 mol % catalyst loading.
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After vigorous shaking, the amine (0.0625 mmol) was added and the resulting mixture was monitored by 1 H NMR. Where applicable, an internal standard (1,4-dimethoxybenzene, 0.0625 mmol) was added to estimate the amount starting materials in side reactions. 
KINETIC ANALYSIS OF AMINE-ENAMINE EXCHANGE PROCESS
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